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[57] ABSTRACT

A linear actuator has a screw threaded shaft mounted so
that it is restrained from rotational movement, a cage is
mounted in sliding relationship on the shaft and an inter-
nally threaded member is mounted at one end of the
cage in a spherical bearing. The threadform of the inter-
nally threaded member is similar to that of the shaft but
of larger diameter. The internally threaded member has
a skirt formation which extends towards the other end
of the cage, a circumferential portion of the skirt forma-
tion being made of ferromagnetic material. A series of
angularly spaced coils are provided around the cage
adjacent the ferromagnetic portion of the skirt forma-
tion, the coils being adapted to be energized sequen-
tially so that they will attract the ferromagnetic portion
of the skirt formation and cause the internally threaded
member to skew so that the threads thereof engage the
threads of the shaft, sequential energization of the coils
causing the point of contact of the thread of the inter-
nally threaded member and shaft to move round thus

causing relative rotation and axial movement therebe-
tween. |

6 Claims, 1 Drawing Sheet
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1
LINEAR ACTUATOR

BACKGROUND OF THE INVENTION

The present invention relates to linear actuators and

in particular to an electromagnetically powered linear
actuator.

SUMMARY OF THE INVENTION

According to one aspect of the present invention the
linear actuator comprises a screw threaded shaft
mounted so that it is restrained from rotational move-
ment, a cage mounted in sliding relationship on the
shaft, an internally threaded member mounted towards
one end of the cage in a spherical bearing, the thread-
form of the internally threaded member being similar to
that of the shaft but of larger diameter, the internally
threaded member having a skirt formation coaxial with
the internal thread, said skirt formation extending
towards the other end of the cage, at least a circumfer-
ential portion of the skirt formation remote from the
internally threaded member being made of ferromag-
netic material, and a series of angularly spaced coils
being provided around the cage adjacent to the ferro-
magnetic portion of the skirt, said coils being arranged
to be energised sequentially, so that they will attract the
ferromagnetic portion of the skirt and cause the inter-
nally threaded member to skew so that the threads
thereof engage the threads of the shaft.

The attraction of the ferromagnetic portion of the
skirt formation by the coils as they are energised, skews
the internally threaded member with respect to the
shaft. Other coils attract radially opposed portions of
the skirt formation and while they do not induce any
rotary motion, radial oscillation of the skirt formation
by sequential energisation of the coils will cause the
skew plane of the internally threaded member to rotate
about the shaft. When the threads -of the internally
threaded member and shaft are in frictional engage-
ment, because the thread of the internmally threaded
member 1s of greater diameter than that of the shaft,
upon rotation of the skew plane of the internally
threaded member, relative rotational movement occurs
between the internally threaded member and the shaft
thus causing the internally threaded member and cage
‘attached thereto, to move axially relative to the shaft.

The speed of rotation of the internally threaded mem-
ber relative to the shaft will depend upon the relative
diameters of the threads of the internally thread mem-
ber and shaft where they engage, which depends upon
the skew angle of the internally threaded member. Re-
action between the threads of the internally threaded
member and shaft, upon application of an axial load
between the shaft and cage, will tend to align the axis of
the internally threaded member with that of the shaft.
The angle of skew will consequently be a function of
the load and the applied magnetic field strength. The
skew angle for a given load may consequently be varied
by varying the magnetic field strength, thereby varying
‘he drive ratio of the actuator. |

BRIEF DESCRIPTION OF THE DRAWINGS

An embodiment of the invention 1s now described, by
way of example only, with reference to the accompany-
ing drawings, in which:

FIG. 1 illustrates in sectional side elevation a linear
actuator in accordance with the present invention; and
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FIG. 2 shows the section along the line II—II, in
FIG. 1.

DESCRIPTION OF A PREFERRED
EMBODIMENT

As illustrated in FIG. 1, the linear actuator comprises
a shaft 11 which is non-rotatably mounted in suitable
manner. The shaft 11 is provided with an acme thread
which typically has a profile angle of 29° and flat crests.

A cage 13 is mounted on shaft 11, a bush 14 at one end
15 of cage 13 slidably engaging the flat crests of the
thread of shaft 11. An internally threaded member 20
having an acme type thread similar to that of shaft 11
but of larger diameter 1s mounted in a spherical bearing
21 in the opposite end of 22 of cage 13. The internally
threaded member 20 has a skirt formation 23 which
extends within the cage 13 towards end 15 thereof, The
skirt formation 23 is made from ferromagnetic material.

A series of helically wound coils 25 are angularly
spaced about the circumference of the cage 13 adjacent
end 19.

When the skirt 23 1s disposed coaxially of the shaft 11,
the threads of the internal threaded member 20 will
engage those of the shaft 11 on a diameter equal to the
diameter of the internally threaded member 20. How-
ever, when one of the coils 25 is energised the radially
opposed ferromagnetic portion of the skirt 23 will be
attracted by the magnetic field induced thereby, which
will skew the internally threaded member 20 with re-
spect to the shaft 11, so that the threads of the internally
threaded member 20 will engage those of the shaft 11 at
points 26 and 27 on a diameter which is less than the
diameter of the threads of the internally threaded mem-
ber 20. Energisation of the next coil 25 will then attract
the radially opposed ferromagnetic portion of the skirt
23 and so on, so that the skirt 23 will oscillate radially
about the shaft 11. As a result of this radial oscillation
the plane of skew of the internally threaded member 20
will rotate about the axis of the shaft 11. Although the
magnetic fields produced by the coils 25 do not apply a
torsional force to the skirt 23, because of the differences
in the diameters of; the points of contact 26 and 27 of
the threads of the internally threaded member 20 and
shaft 11; and the thread of the internally threaded mem-
ber 20, rotation of the plane of skew will cause relative
rotation between the internally threaded member 20
and shaft 11 and consequently the internally threaded
member 20 and cage 13 will move axially relative to the
shaft 11.

A load bearing member (not shown) may be attached
to the cage 13 by means of a low friction bearing, so that
the cage 13 is free to rotate relative to shaft 11, the shaft
11 being fixed axially, so that the cage 13 and load bear-
ing member will move axially along the shaft 11. Alter-
natively, the cage 13 may be fixed axially so that the
shaft 11, to which a load may be applied, will move
axially.

The speed of axial movement of the cage 13 of shaft
11 will depend upon the rate at which the coils 25 are
energised and/or upon the drive ratio of the actuator.

The speed of energisation of the coils 25 may be
controlled as desired by, for example, rotary or elec-
tronic switching means.

The drive ratio of the actuator will depend upon the
difference in diameters of; the points of contact 26 and
27 of the threads of the internal threaded member 20
and shaft 11, and of the internally threaded member 20.
For a given threadform, this may be varied by varying
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the angle of the skew. When a load is applied between
the cage 13 and shaft 11, reaction of the points of
contact 26 and 27 of the threads will tend to bring the
axis of the internally threaded member 20 into align-
ment with that of the shaft 11. This reaction is opposed
by the deflection of the skirt 23 by the magnetic field
provided by the coils 25. The magnetic force produced
by the coils 25 may thus be varied to vary the angle of
skew and thus the drive ratio. Variation of the magnetic
force may be achieved by varying the energising cur-
rents or by energising a single coil 25 or several adja-
cent coils 25 simultaneously.

Various modifications may be made without depart-
ing from the invention. For example the diameter of the
thread of the internally threaded member 20 may be
sufficiently great to provide a clearance with the thread
of the shaft 11, when the skirt 23 is coaxial with the shaft
11, so that when none of the coils 25 are energised, the
internally threaded member 20 and cage 13 may be
moved freely along the shaft 11, while upon energisa-
tion of the coils 2§, the threads of the skewed internally
threaded member 20 will engage those of the shaft 11.
Also, 1n place of the bush 14, the cage 13 may be sup-
ported on shaft 11 by means of a roller or ball bearing,
the inner race of the bearing being slidably located on
the flat crests of the thread on the shaft.

It will be appreciated, that the spherical bearing 21,
threads of the internally threaded member 20 and shaft
11, cage 13 and skirt 23 should be dimensioned such that
at maximum skew, the skirt 23 will be clear of shaft 11
and cage 13.

I claim:

1. A linear actuator comprising a screw threaded
shaft mounted so that it is restrained from rotational
movement, a cage mounted in sliding relationship on
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the shaft, an internally threaded member mounted
towards one end of the cage in a spherical bearing, the
threadform of the internally threaded member being
similar to that of the shaft but of larger diameter, the
internally threaded member having a skirt formation
coaxial with the internal thread, said skirt formation
extending towards the other end of the cage, at least a
circumferential portion of the skirt formation remote
from the internally threaded member being made of
ferromagnetic material, and a series of angularly spaced
coils being provided around the cage adjacent to the

ferromagnetic portion of the skirt, said coils being ar-

ranged to be energised sequentially, so that they will
attract the ferromagnetic portion of the skirt and cause
the internally threaded member to skew so that the
threads thereof engage the threads of the shaft.

2. A linear actuator according to claim 1 in which the
magnetic field produced by the coils is varied by vary-
ing the energising current.

3. A hnear actuator according to claim 2 in which the
magnetic field produced by the coils is varied by energ-
ising a single coil or a series of adjacent coils.

4. A linear actuator according to claim 1 in which the
shaft is fixed axially and the internally threaded member
and cage move along the shaft, load bearing means
being provided on the cage.

S. A linear actuator according to claim 4 in which the
load bearing means is mounted to the cage by low fric-
tion means which will permit rotation of the cage rela-
tive to the load bearing member.

6. A linear actuator according to claim 1 in which the
cage 1s fixed axially and the shaft moves axially of the

internally threaded member.
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